Science that Matters: Exploring Science Learning and Teaching in Primary Schools by Fitzgerald, Angela & Smith, Kathy
Australian Journal of Teacher Education 
Volume 41 Issue 4 Article 4 
2016 
Science that Matters: Exploring Science Learning and Teaching in 
Primary Schools 
Angela Fitzgerald 
Monash University, angela.fitzgerald@usq.edu.au 
Kathy Smith 
Catholic Education Office Melbourne 
Follow this and additional works at: https://ro.ecu.edu.au/ajte 
 Part of the Science and Mathematics Education Commons 
Recommended Citation 
Fitzgerald, A., & Smith, K. (2016). Science that Matters: Exploring Science Learning and Teaching in 
Primary Schools. Australian Journal of Teacher Education, 41(4). 
http://dx.doi.org/10.14221/ajte.2016v41n4.4 
This Journal Article is posted at Research Online. 
https://ro.ecu.edu.au/ajte/vol41/iss4/4 
Australian Journal of Teacher Education 
 Vol 41, 4, April 2016  64 
Science that Matters: Exploring Science Learning and Teaching in 
Primary Schools 
 
 
Angela Fitzgerald 
Kathy Smith 
Monash University 
 
 
Abstract: To help support primary school students to better 
understand why science matters, teachers must first be supported to 
teach science in ways that matter. In moving to this point, this paper 
identifies the dilemmas and tensions primary school teachers face in 
the teaching of science. The balance is then readdressed through a 
research-based examination of some of the components underpinning 
quality science learning and teaching practices. Stories of teachers 
reshaping their science teaching to enable practical applications of 
these elements in future practice are shared to illustrate what is 
possible. 
 
 
Introduction 
  
Primary science education centers on the work of teachers and the dilemmas involved 
in deciding what learning matters for their students and how their professional practice will 
nurture this learning (Lindsay, 2011). As generalists, primary school teachers must determine 
how, when and where they attend to a range of explicit science curriculum demands while 
also attempting to balance teaching and learning requirements across all curriculum areas 
(Smith & Fitzgerald, 2013). These decisions are informed by personal and professional 
experience, including professional understandings of pedagogy and content knowledge, 
personal thinking and beliefs about the importance of science and ideas about what science 
matters for their students (Fitzgerald, 2012). Given the individual nature of teacher expertise 
and the complexity of professional practice it should come as no surprise that there is 
evidence of a diverse range of approaches to primary science education in Australian primary 
schools, at the state, school and classroom level (Tytler, 2007). Diverse approaches to science 
teaching may be inevitable yet two particularly concerning observations, arise from this 
diversity:  
1. Students experience different classroom representations of the nature of science, i.e., 
key principles and ideas which provide a description of science as a way of knowing 
and acting, as well as characteristics of scientific knowledge.  Teachers value and 
attend differently to these principles and as a consequence students may have limited 
opportunity to develop a consistent and shared understanding about the  inherent 
values and rigor which define both scientific knowledge, and, the social dimensions of 
science activity., (Walsh, 2011); and 
2. The amount of time devoted to science is inconsistently allocated, e.g. how and when 
opportunities are made available for students to engage in science learning differs 
across classrooms (Angus, Olney & Ainley, 2007). This impacts the quality and 
consistency of student learning experiences (Anderson, 2014) 
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The interrelated nature of these tensions is important to note. It is because teachers 
think about science in different ways they therefore work with science in different ways; how 
they understand the nature of science influences where they find opportunities for science 
teaching and learning within the context of their classroom (Heap, 2013). These 
understandings influence where primary teachers find opportunities to position science within 
existing pedagogical approaches and position learning within the context of student life 
experience and relevance of world events (Howard, 2011). Teachers, who understand the 
nature of science as a body of absolute truths, therefore find science difficult to situate within 
their inquiry approaches to learning. Consequently in these classrooms science may be 
neglected and/or presented as isolated learning activities (Appleton, 2002). These conditions 
interrupt and disconnect student learning not only from learning in other areas of the 
curriculum but also from the context of life experience (Cutter-Mackenzie & Logan, 2013).  
In outlining these dilemmas, it must also be acknowledged that primary teachers have 
much in the way of expertise to contribute to quality science teaching and learning (Smith & 
Fitzgerald, 2013). Generally in most other areas of the curriculum, they successfully explore 
pedagogical approaches, which link thinking and skill development across curriculum areas 
and which situate learning in relevant contexts (Ng, 2013). In general, primary teachers 
effectively engage students and encourage learning by supporting students to construct new 
ideas, share new thinking, generate and record data and collect evidence to challenge and 
sometimes change existing ideas and understandings (Howard, 2011). However, while 
primary teachers nurture critical thinking and important interpersonal learning behaviours, in 
the main, they do not recognise these acts as part of learning ‘science’ (Smith & Fitzgerald, 
2013).  
In addressing these tensions and dilemmas, this paper highlights what science 
education in primary schools could look like by sharing stories of classroom practice where 
teachers are drawing on aspects of quality science learning and teaching to provide their 
students with learning opportunities that promote meaningful and consistent representations 
of science. To get to this point, however, it is necessary to explore and grapple with how 
primary school teachers think about science and science teaching, so that we can start to 
clearly identify what aspects of science matter and how they might translate into learning 
experiences. 
 
 
What is Science?  
 
Understanding why primary school science is enacted in particular ways relies on 
understanding how primary teachers think about science and how this thinking relates to their 
science teaching. Recent curriculum developments, such as the Australian Curriculum in 
Science (Australian Curriculum, Assessment and Reporting Authority, 2015), have explicitly 
highlighted the need for consistent teaching and learning expectations while also situating 
science within the overall development of student thinking, understanding and general 
capabilities. However, the values and intentions of curriculum developers do not always align 
with the personal practical knowledge of teachers and conversely teachers are not merely the 
conduits of curriculum. The following exploration and quotes highlight how difficult 
achieving this alignment is with over forty years of research documenting the need to actively 
acknowledge and value what teachers bring in terms of the ways they think about science and 
what this subsequently means in terms of how they think about and enact science learning 
and teaching. 
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Connelly (1972) described teachers as ‘user developers’ of curriculum, not merely 
implementing the content but translating the external expectations and meanings into 
meaningful learning within the context of their own classrooms. Andy Hargreaves (1994), in 
his book Changing Teachers Changing Times also recognised the powerful role teachers play 
when working with curriculum: 
Teachers don’t merely deliver the curriculum. They develop, define it and reinterpret 
it too. It is what teachers think, what teachers believe and what teachers do at the level of the 
classroom that ultimately shapes the kind of learning that young people get (p. ix).  
The power of teacher thinking in general has been explored by research since the mid-
seventies, and has come to acknowledge that decisions about teaching, classroom dynamics 
and student learning are strongly related to how teachers construct an individual perception of 
the reality of their classroom (National Institute of Education, 1975). In the eighties, further 
studies demonstrated that such perceptions evolved from personal experience and 
consequently, often differed from teacher to teacher and each teaching situation (Elbaz, 1983; 
Clandinin & Connelly, 1987; Johnston, 1992). Individual perceptions guide teachers through 
the complex process of planning and implementing curriculum in the classroom and impact 
on decisions at all levels. Research suggests that the quality of what teachers know and can 
do has the greatest impact on student learning (Darling-Hammond, 2000; Muijs & Reynolds, 
2000; Wellinsky, 2000). 
A number of factors influence how teachers think about science and for primary 
teachers, as generalist teachers, these include the tendency to focus on non-science studies in 
their own schooling and teacher preparation which in turn appears to diminish their 
confidence to teach the sciences (Appleton, 1995). Appleton (2003) stated that a recurring 
theme in much of the literature about primary science education has been the degree of 
preparedness and apparent reluctance of many teachers to teach science. However, when 
primary teachers work with science their thinking and decision-making is complex. Appleton 
(2003) concluded that after exploring how beginning primary teachers' science pedagogical 
content knowledge (PCK) influenced their science teaching practice, he had a better 
appreciation of the complexities of teaching and of teacher knowledge and he went further to 
state: 
The teaching profession seems to attract people into primary teaching who fear 
science rather than those who love it. In much of the literature, many primary school teachers 
are seen as deficient because of the difficulties they experience with science teaching. I 
would rather take the perspective that many of these teachers are achieving well within the 
constraints in which they have to work. They have found that, by drawing on a set of 
activities that work, they can begin to develop science PCK, however rudimentary, that gets 
them by in science and provides some science learning for students (p. 21). 
 
 
A Snap Shot of Teacher Thinking 
 
As eluded to above, it is not surprising that primary teachers respond to the term 
‘science’ in many different ways and this in turn influences what they value as science 
learning. To further tease out this point, we would like to draw upon a recent experience that 
the second author had at a curriculum workshop with 23 primary teachers from the same 
primary school. Four questions were posed to the participating teachers about primary 
science teaching and learning to gain an insight into their thinking and professional 
understandings. To scaffold this experience, the teachers completed a post box activity.  This 
activity is designed to develop student ability to retrieve, restructure and extend personal 
thinking (see Mitchell, 2009). The teachers worked in groups, each were assigned with the 
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collection of responses for specific questions. Teachers read and discussed these responses 
and bundled them according to similar ideas and comments. The responses were recorded to 
act as a guide for further staff professional learning. Two of the questions posed were 
particularly relevant to this paper as they explored how teachers thought about the term 
‘science’ and their present approaches to teaching science. 
The first question, ‘What is science?’, required the participating teachers to consider 
and articulate their own personal understandings of the term ‘science’. The responses 
revealed a range of understandings, such as: 
 
 Everything and everywhere;  
 Understanding our world; 
 Forming opinions based on evidence; 
 The study of how and why things work; 
 The interactions between living things; and, 
 Inquiring, questioning and investigating the world around us. 
 
The second question required teachers to state how they were presently approaching 
the planning and teaching of science by completing the following sentence stem, ‘My present 
approach to science planning and teaching is …’. Again there were a variety of responses, 
which were categorised and represented by four main groupings. 
 
1. Limited or no real planning: Comments from this group included that it was difficult 
to attend to science in quick and easy ways and there were difficulties experienced in 
terms of finding science in units and also further complicated by time factors, and 
specialist programs.  
2. An inquiry approach: Linking learning across multi-domain (or learning) areas. 
3. Stimulating students by using questions: To encourage learning and using topics of 
interest.  
4. Exploring experiments and investigations. 
 
Although these teacher comments can in no way be construed to be a general 
representation of primary teacher thinking and practice in relation to science education, they 
do demonstrate that even within one school, teachers think about science in different ways 
and attend to science using a range of approaches for planning and teaching. The existence of 
a range of views and approaches has been reflected in larger surveys and data analyses 
(Goodrum, Hackling, & Rennie, 2001; Goodrum & Rennie, 2007) and is one of the reasons 
why science education in general has for many years been seen as problematic. The data from 
these previous reports also indicated that in primary schools: teaching time is inconsistently 
allocated in science; teachers use different planning and teaching strategies to enhance 
learning; and teachers lack a clear and shared understanding of the learning that they value 
for their students. 
Essentially as a result, the teaching of the nature of science is consequently variable in 
primary classrooms across the country and so therefore students’ science learning 
experiences are inconsistent (Goodrum et al., 2001).  Clearly, there is not a single definitive 
statement, which captures how primary teachers think about science. Although, some shared 
emphases have emerged about primary science teaching from this particular workshop 
experience, which may provide some insights into how teachers decide what has come to 
matter in primary science education. 
  
Australian Journal of Teacher Education 
 Vol 41, 4, April 2016  68 
What Matters in Primary Science? 
 
The following quotes have been taken from a book published in 1957 entitled Science 
in Australian Primary Schools. They are shared here as they convey an interesting tension 
that remains in contemporary primary science education around the relevance of knowledge 
acquisition and the importance of developing the required attitudes and competencies 
students need to become scientifically literate. Both of these tensions remain in contemporary 
science learning and sit prominently in the thinking and work of primary teachers as they 
struggle to find a way to comfortably position the two intentions in their science teaching.  
 [Science] is first and foremost a class name for all the natural sciences, ranging from 
the older physical sciences like astronomy and physics to the newer biological sciences such 
as genetics. Now why are these branches of knowledge all called by the one name science 
and how do they differ from knowledge which is not science? We can get a clue to this, I 
think, by contrasting two kinds of knowledge which may conveniently be called public 
knowledge and private .….Public knowledge then falls into two categories (a) verbal 
knowledge, and (b) verifiable knowledge. Under  (a) the most important fields are 
mathematics and logic, and under (b) the most important field is science. (Hardie, 1957, p.3-
4).  
There exists a recognisable elementary school science movement aiming to 
incorporate comprehensive science courses in the primary school programme. The movement 
exists not only for the obvious reason that science is becoming more and more important in 
the surroundings of the individual but also because science can be used in important ways in 
the emotional education of the individual and because of the social need for a scientifically 
literate lay population. Foremost among the aims of the elementary school science movement 
must be put the development of a scientific attitude (Merrilees, 1957, p.30). 
The notion of ‘public knowledge’ or accepted thinking has been a dominant frame of 
reference for science education suggesting that science learning is really about placing 
scientists’ conceptions in students’ minds (Fensham, 1988). Given what we now know about 
student learning in science, in particular the importance of metacognition, the construction of 
meaning, the tenacity of alternative conceptions and the nature of science and scientific 
thinking, this focus on knowledge acquisition seems limited. With this focus it could be 
easily argued that content knowledge can essentially become an abstract system of scientific 
knowledge (Fensham, 1988) devoid of meaningful context and the relevance of real 
situations.  
Over recent years, Australian science curriculum has evolved and changed and has 
attempted to broaden both the nature of science and the processes and skills which are 
essential components of science learning (e.g. Schools Curriculum and Standards Authority, 
2014; Victorian Curriculum and Assessment Authority, 2015). Yet it could be argued that the 
focus on the acquisition of content knowledge has proved difficult to move in terms of 
teacher practice in primary science. Primary teachers continue to shape their science teaching 
around activities that work (Appleton, 2003) producing an approach to primary science that 
has been characterised by a focus on classroom experiments and the search for ‘hands on’ 
activities.  While this approach is viewed as effective on one level, there is a tendency to shy 
away from conceptual learning.  In contrast, Fensham (1988) stated that often the role of 
practical activity is reduced to the enhancement of conceptual learning rather than being a 
source for learning essential skills and gaining confidence in applying scientific knowledge to 
solve real world problems, which highlights the need for a more balanced approach. 
Curriculum has also explicitly promoted the advantages of inquiry and student 
centered learning approaches in planning and teaching and this has provided an alternative 
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approach for science teaching, connecting science learning with the thinking, understandings 
and skills of other curriculum areas.  
 Inquiry approaches are enjoying a resurgence of popularity in classrooms across 
Australia. Many contemporary curriculum frameworks such as Tasmania’s Essential 
Learnings locate inquiry as central to effective teaching and learning. … Inquiry learning can 
happen very effectively within the scope of one key learning area. The best units, however, 
are those in which students connect learning across the curriculum. There are many reasons 
why this works so well. Perhaps the most salient is the opportunity this gives students for 
transfer—central to the development of understanding (Murdoch, 2004, p.1). 
These approaches have allowed primary teachers to develop strong pedagogical 
approaches, which provide students with opportunities to develop a diversity of views, 
explore a range of contentious issues and situations, develop critical thinking, engage in rich 
interpersonal learning experiences, and develop meaningful learning. Yet even within schools 
that have adopted such inquiry approaches, science has not always been successfully 
integrated or meaningfully linked across curriculum and has often maintained a stand-alone 
profile as a discrete subject area. In these situations science, unlike other curriculum areas, 
remains situated within a pedagogy that is teacher directed, relying on contrived learning 
experiences and disconnected not only from learning in other curriculum areas but also from 
the context of student life experience.   
As previously stated what may underlie these pedagogical tensions is a persisting 
perception among primary teachers that what matters in science learning is the acquisition of 
facts and science ideas. This causes tensions for teachers who try to situate science within 
their inquiry or multi-domain units. These tensions are clearly expressed by teachers as they 
wrote about their own practice in the following quotes, which have been used to ground this 
point in the realities of classroom practice: 
Five years ago when teaching science to my primary school students, I placed a 
greater emphasis on teaching science facts and science terminology. I worked on a science 
topic once a term, or more likely once a year. When the Science unit was over I would take 
down the classroom scientific display of the children’s work at the end of the term and that 
was it for science for another twelve months! (Verna, 2011, p.67). 
Our planning team has stuck to focusing on the key understandings that we wanted 
our students to get out of a unit of study. In some cases this meant no science whatsoever. In 
class we had looked at science stories from current happenings, but they were usually 
unrelated to each other, and often not linked in any way to our multi domain topic (Hose, 
2011, p.76). 
I really loved those science days when the students moved around different 
classrooms and experienced science through simple experiments and activities. They were 
fun days, the students really enjoyed them and the teachers embraced the idea of trying to 
present many different facets of science, although for me it was still a boxed day of science 
teaching and learning with very little possibility or intention, to follow up or make 
connections with what was happening in the classroom let alone the world (Cussen, 2011, 
p.119).  
When teachers’ understandings about the purpose of science education are broader 
than knowledge acquisition then they are more likely to see that science is about ideas, 
innovations and actions, which are embedded in a range of everyday contexts. These contexts 
provide rich opportunities for exploring science as a dynamic, collaborative human 
endeavour arising from curiosity and interest in phenomena identified in everyday life. This 
thinking is conveyed in the following quote from a primary teacher as they grapple with role 
as a teacher of science: 
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The world is ever changing; information is relatively easy to access both at school and 
at home with a growing range of available multimedia tools. News about local and global 
events is constant, immediate and often overwhelming. As an educator I need to equip my 
students for life in this world and I believe that enabling students to become scientifically 
literate is the key to education in this 21st century. So what does this mean and what does this 
look like in the classroom? I believe that my teaching must help students to become critical, 
discerning thinkers who are able to listen, consider, question and interrogate what they read 
and what they hear. They need to be able to think and adapt to various environments and 
make decisions about a whole range of changing issues (France, 2011, p. 101). 
This conceptual framework moves science from a static, de-personalised, 
disconnected and largely unattainable body of knowledge to a collection of best explanations 
and engaging stories embedded in an ever-changing real world social context. Considering 
science in this way may enable teachers themselves to think differently about what matters in 
primary science.  
 
 
Science That Matters: A New Role for Primary Teachers  
 
It is essential that primary science education assists students to develop a more 
consistent understanding of the nature of science and better equips them to become 
scientifically literate citizens, which is considered as an important outcome of science 
education (Roberts, 2007), while also capturing and engaging their interest in learning 
science. To achieve such learning outcomes requires inevitable changes to the ways in which 
science teaching is practiced in primary school classrooms. This will require primary teachers 
to openly acknowledge the dilemmas and tensions they face when teaching science as an 
opportunity to  re-imagine their role as a teacher of science. While there are numerous 
elements that could be considered in making sense of this new role, three key documents in 
the Australian context provide rich and detailed descriptions of what characterizes the 
strategies, attributes and environments of quality science teaching - the national review into 
The Status and Quality of Science Teaching and Learning in Australian Schools (Goodrum et 
al., 2001), the large-scale School Innovation in Science (SIS) project (Tytler, 2003) and the 
more recently reviewed National Standards for Highly Accomplished Teachers of Science 
(Australian Science Teachers Association and Teaching Australia, 2009 (revised)). In making 
further sense of these lists of attributes, Hackling and Prain (2005) synthesized these three 
documents and identified a strong convergence around six characteristics capturing effective 
science teaching: 
1. students experience a curriculum that is relevant to their lives and interests; 
2. classroom science is linked with the broader community; 
3. students are actively engaged with inquiry, ideas and evidence; 
4. students are challenged to develop and extend meaningful conceptual 
understandings; 
5. assessment facilitates learning and focuses on outcomes that contribute to 
scientific literacy; and 
6. information and communication technologies are exploited to enhance 
learning of science with opportunities to interpret and construct multimodal 
representations.  (Hackling & Prain, 2005, p. 19) 
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Drawing on this synthesis, this following section will focus particular attention to 
three areas: the development of a supportive science learning environment (dot point 4), 
making science relevant (dot point 1), and the role of assessment (dot point 5). These three 
elements are the focus rather than all six to enable a depth of understanding to the developed 
about some of practices underpinning understandings of effective science education. 
Illustrative stories are used to document how teachers are enacting these practices in their 
classrooms. It is acknowledged that the identified components may help to shed light on what 
much research and extensive reviews of the literature refer to as quality science learning and 
teaching, but on their own they cannot bring effective science teaching to life. The stories 
shared in this paper have been drawn from the practices of four primary school teachers, who 
participated in a project conducted by the first author of this paper examining effective 
science teaching in primary school classrooms (Fitzgerald, 2010), and are used to provide 
insights into what is possible in terms of a science education that matters in primary schools.  
 
 
Building Supportive Learning Environments  
 
A stimulating classroom environment has a positive impact on student learning 
(Killen, 2007). Most primary teachers would acknowledge that the aesthetic environment in 
which students work needs to be engaging and this is evident in the displays and visual 
arrangements that are characteristic of most primary classrooms. Creating a need to know is 
also an important condition for learning and most primary teachers work in ways to ensure 
that teaching attends to this important aspect of learning. Affective engagement is also an 
important part of science learning, contributing to the development of a more purposeful and 
positive learning environment. In supporting the development of such an environment, talk 
has always been highly valued in primary classrooms in terms of literacy and the potential to 
develop critical thinking and effective communication skills. Talk also has the potential to be 
an important classroom tool for learning science (Lemke, 1998) as it provides an avenue for 
the sharing, valuing and nurturing of a diverse range of ideas. Teachers and students can use 
talk to work through their science ideas and build co-constructed understandings of science 
phenomena (Mortimer & Scott, 2003). For example, Barnes (2008) highlighted that “the 
flexibility of speech makes it easy for us to try out new ways of arranging what we know, and 
easy also to change them if they seem inadequate” (p. 5). It is through this discursive 
practice, according to Mercer (2000), that students can present their tentative understandings 
of science and be involved in a process of extending their thinking and learning in science 
through talking about and connecting with other ideas in a supportive, but challenging 
environment.  
Through working with Deanne (a participant in the project), a Year 6 teacher, it was 
noted that a characteristic of her practice was the opportunities that she provided her students 
to talk about their science understandings. Deanne provided students with numerous 
occasions to discuss science in both the whole-class and small group settings, as well as 
through one-on-one interactions. However, it was in the small group setting, particularly 
during hands-on activity work, where her students were most able to talk about and clarify 
their science ideas. This begins to reveal the balancing act employed by Deanne in supporting 
students in this process, while encouraging them to take some control of their own learning.  
As a precursor to hands-on activity work, Deanne often provided her students with 
minimal instructions or explanations of the science phenomena they would encounter. This 
autonomy placed students in a position of uncertainty about how to proceed. Nevertheless, 
they would quickly engage in discussion as a means of developing an understanding of what 
was required. Mercer (Mercer, 2008; Mercer, Wegerif, & Dawes, 2004) and his colleagues 
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had developed a body of work, which identified the ways in which students talk to each other 
in small group settings. These included disputational, cumulative and exploratory forms of 
discourse. Disputational talk is associated with competitive behaviours and individualised 
decision-making, which was largely absent from the focus group’s discussions. In Deanne’s 
class, the students often engaged in cumulative talk to share and build their understandings. 
In addition, they frequently used exploratory talk to engage more critically and constructively 
in making their knowledge and reasoning clearer through discussion.  
Deanne’s students identified that opportunities for talking about science assisted their 
learning because it enabled them to voice their ideas, access different perspectives and 
practice their use of scientific terminology. They also found that engaging in discussion with 
their peers provided opportunities to hear different points of view, which further strengthened 
their scientific understandings. Peer group interactions, such as these, typically involved 
students working in small groups, which provide greater opportunities for all students to 
engage in discourse, unlike whole-class discussion in which teachers may dominate (Mercer 
et al., 2004). Mercer and his colleagues (2004) acknowledged that as a part of science 
education this type of interaction often  
Takes place in conjunction with practical investigations or hands-on activities. 
However, in this case, Deanne’s students considered engaging in and listening to discussions 
with their teacher as being valuable. They identified Deanne’s explanations or contributions 
to whole-class discussion as assisting their learning in science, especially when following 
after hands-on activity work.  
Effective science practice uses talk as a valid way of fleshing out students’ existing 
and developing understandings as well as valuing and nurturing a diversity of ideas. 
However, students need to be engaged in and supported by their teacher in this process 
(Alexander, 2008). It is assumed that at the centre of productive and interactive discourse is a 
classroom culture, which has cultivated a supportive and safe environment around classroom 
talk where students feel safe to consider different perspectives and share their ideas and 
where teachers actively withhold judgment in an attempt to nurture and encourage a diversity 
of ideas.  
 
 
Making Science Relevant 
 
As Gunstone (1988) stated “learning outcomes depend not only on the learning 
environment, but also on the knowledge, purposes and motivations the learner brings to the 
task” (p.77), therefore, learning in science, just as in any other area of the curriculum, must 
be focused on understanding and making complete sense of ideas and information. As one of 
the teachers stated earlier in this paper, the learning demands of students living and working 
in the 21st century and the context and references by which they make sense of ideas and 
information is constantly changing (France, 2011). The challenge for contemporary science 
teaching, in particular primary science teaching, is not so much about students acquiring a 
range of meaningless concepts or honing the skills needed to access information about these 
concepts, but in building student capacity to develop critical thinking skills that will assist 
them in making sense of this information. This intention aligns very readily with the learning 
intentions primary teachers hold for other curriculum areas, however, this task is made very 
difficult if students feel very little connection between the science they are learning in school 
and their experiences of science in their daily lives. Primary school teachers, in particular, 
have an important role to play in better engaging students in science as they have the ability 
to create primary school science lessons that are exciting for students and encourage curiosity 
about the world (Harrison, 2007).  
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The text below highlights the ways in which three primary school teachers focused on 
making science relevant for their students. The practices of these three teachers revealed that 
contributing to their science teaching and learning approaches was an awareness of issues 
related specifically to their students’ learning in science. Kate, a Year 4 teacher, supported 
her students’ science learning by incorporating information and communication technologies 
(ICTs) into her lessons, as she believed that this approach appealed to the ways in which her 
students preferred to learn. Lisa, a Year 3 and 4 teacher, believed understanding and being 
able to cater for her students’ needs and interests were a central component of her teaching 
practice in general, rather than being specific to science teaching and learning. Rebecca, a 
Year 1 and 2 teacher, adopted an integrated approach to science teaching and learning 
because she believed that it engaged her students in science, as well as assisted her in dealing 
with a crowded primary school curriculum.  
Being aware of student-specific considerations should be acknowledged as a 
component of science teaching because it enables teachers to design and deliver science 
learning experiences that are relevant and interesting to their students. These notions of 
teaching science are not new to primary teachers and are captured within one of the 
components in Hackling and Prain’s (2005) framework, which, as mentioned previously, 
identifies the characteristics of effective science teaching as derived from a synthesis of the 
Australian research literature. This particular component identifies that “students experience 
a curriculum that is relevant to their lives and interests” (p. 19). While teachers readily relate 
these student-specific considerations to all areas of the curriculum, Kate, Lisa and Rebecca, 
through knowing their students’ needs and interests, were able to develop lessons that were 
engaging and supported learning in science. 
 
 
Assessment That Matters  
 
While fostering student interest in science is an important component of the teachers’ 
role, determining if and how students are making sense of information, in particular how they 
are constructing understandings, is equally important. “Effective science teaching relies on 
understanding students’ pre-existing ideas about science concepts and supporting students to 
develop more scientific understandings” (Department of Education and Early Childhood 
Development, 2006). Assessment can be considered as a vital tool for understanding 
students’ ideas and monitoring and evaluating student learning but it is the ways in which 
teachers use this tool that is crucial (Black & Wiliam, 1998). Teachers should monitor 
students’ developing science understandings by drawing upon and integrating into their 
practices an array of diagnostic, formative and summative assessment strategies. While this 
teaching action is common in other areas of primary teaching, such as literacy and 
mathematics, primary teachers could draw varied assessment approaches for different 
assessment purposes (e.g. assessment for, of and as learning), to provide their students with 
opportunities, experiences and feedback that will further enhance their learning. In 
undergoing conceptual growth, students need to also take responsibility for their learning by 
being aware of their existing understandings and the further development of these 
understandings (Hewson, Beeth, & Thorley, 1998). It is this process of students’ monitoring 
their own learning, with the support of their teachers, which assists in bringing about this 
growth. Feedback on science learning assists students in moving towards scientifically 
recognised understandings for the phenomena they are experiencing and exploring (Cowie, 
2002).  
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Deanne, a Year 6 teacher from the project, recognised that her role in assisting her 
students reach their learning potential was to provide them with a high level of challenge in 
science, which required students to contend with a higher level of conceptual demand. She 
monitored and supported her students’ learning through their involvement in whole 
discussions, small group activity work and individual tasks, such as their journal entries. Her 
verbal and written feedback was minimal, but when given, it was often in the form of open-
ended questions designed to further probe and query the students’ understandings. Deanne’s 
focus was on developing the students’ skills in reflecting on their own learning and providing 
them with autonomy in making sense of the science phenomena they were encountering 
during hands-on activity work. It was in this forum that students were encouraged to provide 
each other with feedback on their science ideas and the development of their science 
understandings.  
Lisa, a Year 3 and 4 teacher, used ongoing monitoring, feedback and assessment to 
support student learning in science in more overt ways than the approach taken by Deanne. 
Lisa recognised (based on her awareness of her students’ learning needs) that she needed to 
provide her Year 3 and 4 students with a high level of support and scaffolding to achieve 
conceptual growth over the unit. This was partly addressed through adjusting the unit to focus 
on three key conceptual areas (the Earth, Sun and Moon; day and night; and shadows), which 
meant that the learning demand placed on the students was manageable. Lisa monitored the 
development of the students’ science understandings during the unit through the use of 
formative assessment tasks, such as attending to student responses in whole class discussion, 
recognising alternative conceptions and responding with appropriate feedback. The feedback 
that Lisa provided students with during these tasks was designed to encourage students to 
think more deeply about their science understandings and experiences. Lisa did not often 
directly explain a concept to the students but instead used a series of questions, or the 
explanations of other students, to build understanding.  
 “To achieve high quality learning outcomes … students need to see why, and 
understand that, their learning matters” (Department of Education and Training, New South 
Wales, 2003, p. 14). Understandably, many students find it difficult to be enthusiastic about 
learning if they cannot see the relevance of it. This uncertainty can be addressed, if students 
are supported through ongoing monitoring of, and feedback, in ways that matter and are 
meaningful to them. Deanne and Lisa supported their students’ learning in science in 
different ways, which reflected the different learning needs of their students. It is 
acknowledged that learning with understanding, as well as learning with interest, is more 
likely to occur when students are provided with opportunities and support to actively 
construct their own meanings as opposed to passive acquisition and accumulation of 
knowledge (Fensham, Gunstone, & White, 1994). Innovative and insightful assessment 
practices have an important role to play in this active construction of science understanding. 
 
 
Conclusion 
 
In order to ensure meaningful and consistent science learning opportunities at the 
primary level, primary teachers must be supported to confront their existing ideas about 
science and science teaching and learning if they are to begin to articulate the problematic 
nature of the perceptions they use to define their practice. Getting at the ways that teachers 
think about science and science education is critical if we are to understand what matters in a 
primary school context and why. With support, primary teachers may begin to think 
differently not only about their role as science teachers but also the type of learning they 
value for their students and the role they want to see their students play as active, critical 
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thinkers and learners in science.  Documenting stories of primary school teachers drawing on 
aspects of quality teaching and learning in primary schools is useful in showcasing to others 
what is possible and encouraging that shift in thinking. Providing alternative ways of thinking 
about science teaching may enable primary teachers to relinquish their personal feelings of 
inadequacy, build on their existing pedagogical strengths and provide a consistent science 
learning experience for all primary students. In this way primary teachers may come to see 
new possibilities and opportunities for science learning as well as realizing the potential 
science learning which exists in the experiences that they presently provide for their students.  
 
 
References 
 
Alexander, R. (2008). Towards dialogic teaching (4th ed.). York, UK: Dialogos.  
Anderson, D. (2014). The Nature and Influence of Teacher Beliefs  and Knowledge  on the 
Science Teaching Practice of Three Generalist New Zealand Primary Teachers. 
Research In Science Education, 45, 395-423. http://dx.doi.org/10.1007/s11165-014-
9428-8 
Angus, M., Olney, H., & Ainley, J. (2007). In the balance: The future of Australia’s primary 
schools, Kaleen, ACT: Australian Primary Principals Association. 
Appleton, K. (1995). Student teachers' confidence to teach science: Is more science 
knowledge necessary to improve self-confidence? International Journal of Science 
Education, 19, 357-369. http://dx.doi.org/10.1080/0950069950170307 
Appleton, K. (2002). Science Activities That Work: Perceptions of Primary School Teachers. 
Research in Science Education, 32, 393–410. 
http://dx.doi.org/10.1023/A:1020878121184 
Appleton, K. (2003). How Do Beginning Primary School Teachers Cope with Science? 
Toward an Understanding of Science Teaching. Research in Science Education, 33, l-
25. http://dx.doi.org/10.1023/A:1023666618800 
Australian Curriculum, Assessment and Reporting Authority. (2015). F-10 Curriculum v8 - 
Science, from http://www.australiancurriculum.edu.au/science/curriculum/f-
10?layout=1  
Australian Science Teachers Association and Teaching Australia. (2009). National 
professional standards for highly accomplished teachers of science. Canberra: 
Australian Science Teachers Association.  
Barnes, D. (2008). Exploratory talk for learning. In N. Mercer & S. Hodgkinson (Eds.), 
Exploring talk in school (pp. 1-15). London: Sage 
Publications.  http://dx.doi.org/10.4135/9781446279526.n1 
Black, P., & Wiliam, D. (1998). Inside the black box: Raising standards through classroom 
assessment. Phi Delta Kappan, 80(2), 139-148. 
Clandinin, D.J., & Connelly, F.M. (1987). Teachers personal knowledge: What counts as 
“personal” in studies of the personal, Journal of Curriculum Studies, 19, 487 – 500. 
http://dx.doi.org/10.1080/0022027870190602 
Connelly, F.M. (1972). The functions of curriculum development. Interchange 3 (2-3), 161 -
177. http://dx.doi.org/10.1007/BF02137642 
Cowie, B. (2002). Re-viewing conceptual change through a formative assessment lens. In 
R.K. Coll (Ed.), Science and Technology Education Research Papers (pp. 164-179). 
Hamilton, NZ: Centre of Science and Technology Education Research, University of 
Waikato. 
  
Australian Journal of Teacher Education 
 Vol 41, 4, April 2016  76 
Cussen, R. (2011). Unboxing My Science teaching: A personal Scientific Literacy Journey. 
In Loughran, J., Smith, K.V., Berry, A. (Eds.) Scientific Literacy Under the 
Microscope: A Whole School Approach to Science Teaching and Learning (pp. 119 -
126). Rotterdam, The Netherlands: Sense Publishing. http://dx.doi.org/10.1007/978-
94-6091-528-4_13 
Cutter-Mackenize, A. & Logan, M. (2013). Making links between science and the learner’s 
world. In A. Fitzgerald (Ed.), Learning and Teaching Primary Science (pp. 53-71). 
New York, NY: Cambridge University Press.  
Darling- Hammond, L. (2000). Teacher quality and student achievement: A review of state 
policy evidence. Education Policy Analysis Archives, 8 (1), 1-49. 
http://dx.doi.org/10.14507/epaa.v8n1.2000 
Department of Education and Training, New South Wales. (2003). Quality teaching in NSW 
public schools: Discussion paper. Sydney, NSW: New South Wales Department of 
Education and Training.  
Department of Education and Early Childhood Development. (2006). Science Continuum. 
Melbourne, Vic.: State Government Victoria. 
Elbaz, F. (1983). Teacher Thinking: A study of practical knowledge. New York: Nichols 
Publishing. 
Fensham, P. (1988). Familiar but Different: Some Dilemmas and New Directions in Science 
Education. In P. Fensham (Ed.), Development and Dilemmas in Science Education 
(pp. 1-26). London: Falmer Press. 
Fensham, P.J., Gunstone, R.F., & White, R.T. (Eds.). (1994). The content of science: A 
constructivist approach to its teaching and learning. London: Falmer Press.  
Fitzgerald, A. (2010). Beliefs, knowledge and practices of effective primary science teachers. 
Unpublished PhD thesis: Edith Cowan University, Perth. 
Fitzgerald, A. (2012). Science in primary schools: Examining the practices of effective 
primary science teachers. Rotterdam, The Netherlands: Sense Publishers. 
http://dx.doi.org/10.1007/978-94-6091-858-2 
France, A. (2011). Speaking about Scientific Literacy. In Loughran, J., Smith, K.V., & Berry, 
A. (Eds.) Scientific Literacy Under the Microscope: A Whole School Approach to 
Science Teaching and Learning (pp. 101-109). Rotterdam, The Netherlands: Sense 
Publishing. 
Goodrum, D., Hackling, M., & Rennie, L. (2001). The status and quality of teaching and 
learning of science in Australian schools. Canberra, ACT: Commonwealth of 
Australia. 
Goodrum, D., & Rennie, L. (2007). Australian School Science Education: National Action 
Plan 2008–2012. Canberra, ACT: Department of Education, Training and Youth 
Affairs. 
Gunstone, R.F. (1988). ). Learners in Science Education. In P. Fensham (Ed.), Development 
and Dilemmas in Science Education (pp. 73-95). London: Falmer Press. 
Hackling, M.W., & Prain, V. (2005). Primary Connections: Stage 2 Research Report. 
Canberra, ACT: Australian Academy of Science.  
Hardie, C.D. (1957). The Meaning of Science and its Place in Education. In C. D. Hardie 
(Ed). Science In Australian Primary Schools. (pp. 1-11). Melbourne, Vic.: Melbourne 
University Press.  
Hargreaves, A. (1994). Changing Teachers, Changing Times. London: Cassell. 
Harrison, A. (2007). The wonder of science. In V. Dawson & G. Venville (Eds.), The art of 
teaching primary science (pp. 3-22). Crows Nest, NSW: Allen & Unwin. 
Australian Journal of Teacher Education 
 Vol 41, 4, April 2016  77 
Heap, R. (2013). Grappling with teaching science as content, process and human endeavour. 
In A. Fitzgerald (Ed.), Learning and Teaching Primary Science (pp. 89-108). New 
York, NY: Cambridge University Press.  
Hewson, P., Beeth, M.E., & Thorley, N.R. (1998). Teaching for conceptual change. In B. 
Fraser & K. Tobin (Eds.), International handbook of science education (pp. 199-218). 
Dordrecht, The Netherlands: Kluwer. http://dx.doi.org/10.1007/978-94-011-4940-
2_13 
Hose, M. (2011). Layering: A Personal Journey. In Loughran, J., Smith, K.V., & Berry, A. 
(Eds.) Scientific Literacy Under the Microscope: A Whole School Approach to 
Science Teaching and Learning (pp. 75-80). Rotterdam, The Netherlands: Sense 
Publishing. http://dx.doi.org/10.1007/978-94-6091-528-4_8 
Howard, M. (2011). You Dont Have to Have All the Answers. In J. Loughran, K. Smith & A. 
Berry (Eds.), Scientific Literacy Under the Microscope A whole School Approach to 
Science  Teaching and Learning (pp. 47-58). Rotterdam: Sense Publishers. 
Johnston, S. (1992, November).‘A case for the “person” in curriculum deliberation. A paper 
presented at the annual conference for the Australian Association for Research in 
Education, Geelong, Victoria. 
Killen, R. (2007). Effective teaching strategies: Lessons from research and practice. South 
Melbourne, Vic: Cengage Learning Australia. 
Lemke, J. (1998). Multiplying meaning: Visual and verbal semiotics in scientific text. In J. 
Martin & R. Veel (Eds.), Reading science: Critical and functional perspectives on 
discourses of science (pp. 87-114). London: Routledge. 
Lindsay, S. (2011). Scientific Literacy: A Symbol for Change. In J. Loughran, K. Smith & A. 
Berry (Eds.), Scientific Literacy Under the Microscope A Whole School Approach to 
Science Teaching and Learning (pp. 3 -16). Rotterdam: Sense Publishers. 
http://dx.doi.org/10.1007/978-94-6091-528-4_1 
Mercer, N. (2000). How is language used as a medium for classroom education? In B. Moon, 
S. Brown, & M. Ben-Perez (Eds.), Routledge international companion to education 
(pp. 109-126). London: Routledge. 
Mercer, N. (2008). The seeds of time: Why classroom dialogue needs a temporal analysis. 
Journal of Learning Sciences, 17(1), 33-59. 
http://dx.doi.org/10.1080/10508400701793182 
Mercer, N., Dawes, L., Wegerif, R., & Sams, C. (2004). Reasoning as a scientist: Ways of 
helping children to use language to learn science. British Education Research Journal, 
30(3), 359-378. http://dx.doi.org/10.1080/01411920410001689689 
Merrilees, D. (1957). Aims and Expected Results of Science Teaching in the Primary School. 
In C. D. Hardie (Ed). Science In Australian Primary Schools. (pp. 12 -30) . 
Melbourne, Vic.: Melbourne University Press.  
Mitchell, I. (2009). Teaching for effective learning: The complete book of PEEL teaching 
procedures.(4th ed.). Melbourne, Vic.: PEEL Publishing. 
Mortimer, E.F., & Scott, P.H. (2003). Making meaning in secondary science classrooms. 
Maidenhead: Open University Press. 
Muijs, D., Reynolds, D. (2000). School effectiveness and teacher effectiveness in 
mathematics. Some preliminary findings from the evaluation of Mathematics 
Enhancement Programme (Primary). School Effectiveness and School Improvement. 
11 (3), 273-303.  http://dx.doi.org/10.1076/0924-3453(200009)11:3;1-G;FT273 
Murdoch, K. (2004) What makes a good inquiry unit? Education Quarterly Australia. 
Retrieved from http://www.eqa.edu.au/site/whatmakesagoodinquiry.html 18th 
November 2011. 
Australian Journal of Teacher Education 
 Vol 41, 4, April 2016  78 
National Institute of Education. (1975). Teaching as clinical information processing: Report 
of Panel 6. National Conference on Studies in Teaching, Washington. 
Ng, W. (2013). Integration and innovation in teaching science. In A. Fitzgerald (Ed.), 
Learning and Teaching Primary Science (pp. 145-161). New York, NY: Cambridge 
University Press.  
Roberts, D.A. (2007). Scientific literacy/science literacy. In S.K. Abell, & N.G. Lederman 
(Eds.), Handbook of research on science education (pp. 729-780). Mahwah, NJ: 
Lawrence Erlbaum Associates. 
Schools Curriculum and Standards Authority. (2014). P-10 Syllabus – Science. Retrieved 
from: http://k10outline.scsa.wa.edu.au/home/p-10-curriculum/curriculum-
browser/science 
Smith, K., & Fitzgerald, A. (2013). Making sense of primary science. In A. Fitzgerald (Ed.), 
Learning and Teaching Primary Science (pp. 1-16). New York, NY: Cambridge 
University Press.  
Tytler, R. (2003). A window for a purpose: Developing a framework for describing effective 
science teaching and learning. Research in Science Education, 33(3), 273-298. 
http://dx.doi.org/10.1023/A:1025423704068 
Tytler, R. (2007). Re-imagining science education: Engaging students in science for 
Australia’s future. Melbourne: Australian Council for Educational Research. 
Verna, M. (2011). ‘Y’ Scientific Literacy? In Loughran, J., Smith, K.V., & Berry, A. (Eds.) 
Scientific Literacy Under the Microscope: A Whole School Approach to Science 
Teaching and Learning (pp. 67-74). Rotterdam, The Netherlands: Sense Publishing. 
http://dx.doi.org/10.1007/978-94-6091-528-4_7 
Victorian Curriculum and Assessment Authority. (2015). The AusVELS curriculum – 
Science. Retrieved from: 
http://www.vcaa.vic.edu.au/Documents/auscurric/Science_scope_and_sequence_Aus
VELS.pdf  
Walsh, A. (2011). It's Multi Domain: But Where's the Scientific Literacy? In J. Loughran, K. 
Smith & A. Berry (Eds.), Scientific Literacy Under the Microscope A Whole School 
Approach to Scientific Literacy (pp. 81 -92). Rotterdam: Sense Publishers. 
http://dx.doi.org/10.1007/978-94-6091-528-4_9 
Wellinsky, H. (2000). How Teaching Matters: Bringing classroom back into the discussion 
about teacher quality. Princeton, N.J: Educational Testing Service. 
 
